The mechanism of action of lymphokines. IX. The enzymatic basis of hydrogen peroxide production by lymphokine-activated macrophages.
The purpose of this study was to elucidate the biochemical basis of the enhanced hydrogen peroxide (H2O2) production by guinea pig peritoneal macrophages (MP) cultured in lymphokine (LK)-containing medium. The markedly augmented H2O2 generation by these cells, demonstrable by the horseradish peroxidase (HRP)-catalyzed oxidation of phenol red, is distinguished by its lack of dependence on a second stimulus. We demonstrate that H2O2 production is truly spontaneous and is not caused by a stimulant present among the H2O2 assay reagents. The principal candidate for such a role was HRP type II (a mixture of five isoenzymes) that was reported to be capable of eliciting an oxidative burst in MP. Four distinct HRP isoenzymes that were found incapable of provoking an oxidative response were nevertheless adequate for demonstrating H2O2 production by LK-activated MP. Blocking the MP receptor for mannose by the addition of mannan to the assay system resulted in enhanced detection of H2O2 by low concentrations of HRP type II and by three out of four HRP isoenzymes. Treatment of MP with LK-containing medium for 72 hr did not result in a significant change in the activity of cellular superoxide dismutase (SOD) compared with MP cultured for the same length of time in control medium. By using the specific inhibitor of copper, zinc-containing SOD, sodium diethyldithiocarbamate (DDC), and the universal SOD inhibitor, sodium nitroprusside, we found that the predominant enzyme in guinea pig peritoneal MP is probably manganese-containing SOD. Incubation of LK-activated MP with nitroprusside resulted in almost total inhibition of H2O2 production and a simultaneous switch to superoxide (O2-) liberation. Similar exposure to DDC had no effect. These data indicate that H2O2 produced by LK-activated MP is derived exclusively by enzymatic dismutation of O2- mediated by a manganese-containing SOD. The increase in spontaneous H2O2 production induced by LK is therefore secondary to augmented O2- production that occurs at a cellular location where O2- is accessible to SOD. The enzymatic basis of the enhanced oxygen radical production was investigated by determining the kinetic parameters of the O2- -forming NADPH oxidase of resting LK-treated MP in a cellfree system in which O-2 production was induced by sodium dodecyl sulfate. The Km for NADPH and the Vmax of the enzyme of LK-treated MP were not different from those of the enzyme of MP incubated in control medium. We conclude that LK treatment of MP does not modulate the NADPH oxidase itself but, most likely, a process related to activation of the enzyme.